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Several workers have concluded that Gabor alignment tasks are performed by using central 
tendencies of the micropatterns as a cue. One reason for this conclusion was that the 3-Gabor 
alignment task is performed equally well whether the orientations of the patches are collinear or 
orthogonal to the group orientation. We wished to find out if the orientation of the micropatterns 
has any effect on performance. We tested subjects in 3-micropattern alignment asks using a variety 
of orientational conditions. If three vertically-aligned Gabor patches were vertical, horizontal or 
both, or if bullseye or Gaussian blobs were used, no difference in performance was found. If, 
however, the orientation of the patches was randomized, performance became much worse. 
Similarly, if the three patches were at 45 deg, thresholds were raised. The effect of orientation was 
maintained across different spatial frequencies. Control conditions involving randomization of the 
phase of the sinusoidal carrier, or jitter on the size of Gaussian blobs, confirmed that a central 
tendency of the micropatterns was indeed being used by subjects, indicating that the role of 
orientation in this task is that of a mask, rather than of a cue. © 1998 Elsevier Science Ltd. All 
rights reserved. 
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INTRODUCTION 
One of the most important asks that the human visual 
system has to perform in the real world is to locate the 
position of objects and assess the distance between them. 
In other words, spatial coding represents a fundamental 
aspect of the normally functioning visual system. With- 
out rapid and accurate mechanisms for achieving 
positional ocalization, organisms would not be able to 
effectively perform a host of functions necessary for 
survival. In this paper we investigate the important cues 
in one representative spatial task: 3-Gabor patch align- 
ment. In particular, the role of the orientations of the 
patches is investigated in some detail and found to be 
more important than previously thought. 
It has been widely believed that some distributed 
property of the contrast envelope (for which we shall 
generally use the non-committal term "central tendency" 
in this paper) is the key factor in positional coding tasks 
involving well-separated spatial frequency narrowband 
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stimuli such as Gabor patches. Toet and Koenderink 
(1988) showed that for the 3-Gabor alignment ask and 
bisection task with parallel orientations [for a similar 
stimulus arrangement see our Fig. l(b)] thresholds were 
linearly related to the standard eviation of the Gaussian 
envelope for stimuli where the inter-blob spacing was 
scaled with the micropattern size, but unrelated to the 
spatial frequency of the sinusoidal carrier. Hess and 
Holliday (1992) reported similar findings, and also 
demonstrated that thresholds were the same if the three 
patches were collinear [our Fig. l(a)] as compared with 
an arrangement where the central and outer patches were 
orthogonal [our Fig. l(c)]. This implies both that 
performance is not mediated by some local process such 
as bar alignment, and that orientation may not be relevant 
at all. Both of these groups of workers reported that 
thresholds were also similar when Gaussian blobs were 
used. Kooi, De Valois and Switkes (1991) showed that in 
a 2-Gabor alignment task the collinearity, parallelism and 
orthogonality did not affect performance. In a 2-bar width 
task, Burbeck (1987) has shown that the spatial frequency 
content has little effect on performance, but that size is 
crucial. Levi and Klein (1992) found a similar lack of 
effect of spatial frequency in a 3-Gabor-bar bisection 
task. Hess and Badcock (1995) showed that the spatial 
frequency content of Gabor patches had little effect on 
interval discrimination. In addition, some workers have 
modelled performance in broadband vernier offset tasks 
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FIGURE 1. Stimuli used in the experiment. In each case the offset is l0 arc min. to the right of alignment. (a) Vertical. (b) 
Horizontal. (c) Middle horizontal; outer vertical. (d) Middle vertical; outer horizontal. (e) Bullseye. (0 Gaussian blob. (g) 
Random orientations. (h) Contour (Left). (i) Contour (Right). (j) Right 45 deg. (k) Left 45 deg. (1) Randomized phase. (m) 
Randomized size of Gaussian blobs. (n) 1.125 cpd. (o) 4.5 cpd. (p) 9.0 cpd. 
and separation-discrimination asks using the centroid of 
the luminance distribution as the putative cue (Westhei- 
mer & McKee, 1977; Watt & Morgan, 1983; Levi & 
Westheimer, 1987), although it can be argued that other 
processes underlie performance in these cases. 
The general trend of experimental evidence has been to 
imply that the internal detail (spatial frequency content 
and orientation, for example) of micropatterns such as 
Gabor patches is not important in determining threshold, 
and that the size, or some central tendency, of the 
ORIENTATION MASKS 3-GABOR ALIGNMENT PERFORMANCE 829 
v 
v 
FIGURE. 1. Continued. 
luminance or contrast distribution is one of the key 
parameters. Some evidence points to the exclusive use of 
the centroid (Whitaker, McGraw, Pacey & Barrett, 1996; 
Akutsu & Levi, 1996), whereas other evidence suggests a 
variety of cues can be used in micropattern alignment and 
cluster alignment tasks (Hess & Holliday, 1996; Hess, 
Dakin & Badcock, 1994; Badcock, Hess & Dobbins, 
1996). In sum, for well-separated high-contrast 3-Gabor 
alignment tasks the consensus i that the visual system 
assigns a positional tag to each micropattern, the 
accuracy of which in some stimulus regimes depends 
principally on the spread of the patch, although 
performance also falls off with separation (Hess & 
Hayes, 1993; Hess & Hayes, 1994). 
Given the general importance of orientation i  vision 
both neurophysiologically (Hubel & Wiesel, 1959) and 
830 D.R.T. KEEBLE and R. F. HESS 
O'J 
FIGURE. t. Continued. 
psychophysically, this reported lack of effect of orienta- 
tional properties on positional coding might be thought o 
be surprising. However, the empirical evidence upon 
which the frequent assertion that orientation plays no role 
in 3-Gabor alignment asks rests is rather fragile. Only a 
small number of orientational configurations were used 
by Hess and Holliday (1992) and by Kooi et al. ( 1991 ). In 
Experiment 1 we investigate an extensive range of 
orientational conditions in order to see if orientation can 
have any  effect on performance. We find substantial 
effects, which could call the central tendency hypothesis 
into question. To further test the relevance of this cue we 
randomized the phase of vertical collinear Gabors in 
Experiment 2 to test the possibility that performance in
this task is mediated or disrupted by bar alignment. 
Another possible mechanism would be one which lined 
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up putative "edges" of the patches. By "edge" we mean 
any feature related to the spatial extrema of the 
micropattern. This could be the point of inflection of 
the contrast distribution, a contrast-threshold point, or a 
variety of other primitives. We jitter the size (standard 
deviation) of Gaussian blobs and 45 deg Gabor patches in 
Experiment 3 in an effort to provide a stimulus 
configuration which would disrupt such a process. 
Finally, in Experiment 4 we examine the effect of the 
spatial frequency of the carrier on one of the orientational 
effects we found in Experiment 1 in order to assess the 
importance of the salience of the bar structure in this 
effect. 
It is also possible to couch Experiment 1 in terms of 
first-order and second-order cues. The alignment ask 
using band-pass microelements i  essentially a second- 
order task, as a linear filter encompassing all three 
micropatterns would not provide a good basis for 
performing the discrimination task. A second-order filter 
could be the underlying mechanism. We are thus 
examining whether there are selective first-order (i.e., 
orientationally selective) inputs into such a mechanism. 
Although positional coding is a crucial aspect of visual 
function, the formation of contours is also thought o be 
an essential stage in the formation of representations of 
objects. In particular, Field, Hayes and Hess (1993) have 
shown that alignment along a curve is an important 
determinant of performance in the detection of micro- 
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pattern paths in micropattern background noise. Accord- 
ingly, in Experiment 1 we employ some conditions in 
which the Gabor patches form a contour, in order to see if 
this affects performance. In a sense this can be seen as 
trading off two significant aspects of visual function--  
positional coding and contour formation-- in order to see 
which is the most powerful. 
METHODS 
General description 
The stimulus arrangements u ed are similar to those of 
Toet and Koenderink (1988) and Hess and Holliday 
(1992). They are shown in Fig. 1. In each case, three 
micropatterns are positioned such that the outer two are 
vertically aligned and the inner one vertically bisects 
them. On each presentation the central patch is displaced 
to either the left or the right by a variable amount from an 
imaginary vertical line joining the centres of the outer 
two patches. The subject had to decide in which direction 
the displacement from alignment was and respond 
accordingly. In most cases the micropatterns were 
oriented Gabor patches (i.e. Gaussian-windowed sinu- 
soidal gratings; Graham, 1989). These spatial-frequency 
narrowband stimuli should stimulate a limited number of 
spatial-frequency selective mechanisms in the visual 
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FIGURE 1. Continued. 
system, We also employed Gaussian blob micropatterns 
and radial Gabor patches (henceforth referred to as bulls- 
eyes) in order to provide non-oriented baseline stimuli 
against which to compare the effects of orientation. 
In Experiment 1, the effects of orientation were 
investigated by using the stimulus configurations shown 
in Fig. l(a-k). In Fig. l(a-d) four combinations of 
horizontal and vertical patches replicate more fully the 
comparison made by Hess and Holliday (1992). Circu- 
larly symmetric micropatterns are used in Fig. 1 (e and f) 
to verify the finding of Toet and Koenderink (1988) and 
Hess and Holliday (1992) that performance is not 
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improved by the presence of orientational content per se. 
Figure 1 (g) represents a condition where the orientation 
of each Gabor patch in the stimulus was completely 
randomized. If orientation has absolutely no effect in 3- 
Gabor alignment hen the threshold for this condition 
should be the same as for Fig. 1 (a-f). In Fig. 1 (h and i) the 
outer micropatterns are at orientations of +45 deg and 
-45  deg with respect o the vertical. The inner patch is 
vertical. This arrangement produces a powerful impres- 
sion of a curved contour which could have an effect on 
the accuracy (threshold) and veracity (PSE) of positional 
coding. These two configurations were blocked both 
separately and together so as to examine whether the 
continual presentation of the same stimulus would allow 
the subject o counteract the potential distorting effects of 
the contour. By placing all three Gabor patches at either 
+45 deg or -45deg in Fig. l(j and k) a further 
orientational condition is created which does not, 
however, have any overtly distracting contours. For each 
of these conditions we took psychometric functions for 
the alignment ask and found the threshold offset and 
point of subjective quality (PSE). 
Experiment 2 tests the central tendency hypothesis by 
randomizing the phase of the sinusoidal carrier in vertical 
Gabor patches, as shown in Fig. 1(1). This obviously has 
the effect of randomizing the horizontal position of any 
local features uch as bars. If subjects use local features 
of the interior of the patch to do the task, then thresholds 
should be impoverished in comparison to the condition 
where vertical patches of constant phase are used [Fig. 
l(a)]. Another alternative to the central tendency 
hypothesis i  that the alignment of edge-like features of 
the patches is being used as a cue. In other words, the 
horizontal position of the (say) left-hand extremity of the 
central patch could be being compared with the other two 
left-hand extremities. Fredericksen, Bex and Verstraten 
(1997) have shown that observers can make consistent 
estimates of the size of Gabor patches, so this is a 
possibility that it is important to test. In Experiment 3 we 
jittered the size (standard eviation) of Gaussian blobs 
and 45 deg Gabor patches and measured alignment 
threshold as a function of the size of this jitter. An 
example is shown in Fig. 1 (m). We used both Gaussian 
and flat probability density functions (pdfs) for the size 
jitter, the Gaussian pdf being truncated at twice the 
standard eviation. If an edge-like alignment cue is being 
used then thresholds hould increase with the magnitude 
of the size jitter. The use of Gaussians and 45 deg Gabors 
allowed us to test the edge hypothesis for patches with 
and without local features, and in directions both parallel 
to and orthogonal to the orientation of the patch. 
The bar structure is quite evident in the Gabor patches 
used in Experiment 1. This is a consequence of the carrier 
spatial frequency (2.25 cpd) and envelope standard 
deviation (16arcmin) used. it could be that the 
orientational effects we observe are simply the conse- 
quence of the specific parameters used, causing these 
Gabor patches to have very prominent internal structure: 
the effects might disappear if Gabors of more circular 
appearance are used. Experiment 4 tests this possibility 
by measuring thresholds at four equal-log-spaced spatial 
frequencies (1.125-9.0 cpd) for the vertical and random 
conditions. We employ two contrast conditions to ensure 
that any effects we find are not due to the well-known 
dependence of 3-Gabor alignment thresholds on stimulus 
visibility (which is a function of spatial frequency 
content). 
Experimental details 
The task was a two-alternative-forced-choice n the 
alignment of the central patch relative to the outer 
patches. Each presentation (of rectangular temporal 
profile) lasted 105 msec. In Experiments 1-3 the contrast 
of the micropatterns was 0.45, where we define contrast 
as the ratio of the maximum increment of the contrast 
envelope from the background luminance to the back- 
ground luminance that is, Weber contrast. The patches 
in Experiment 4 used contrasts of 0.45 and 0.95. All the 
sinusoidal carriers were in cosine phase, except where 
randomized in Experiment 3. The centre-to-centre 
distance between the inner and outer micropatterns was 
160 arc min--10 times their standard eviation. The 3- 
patch stimulus configuration had an additional flat pdf 
jitter of +16 arc min in the horizontal direction in order 
to ensure that the task was not merely performed on the 
absolute position of the central patch. The visual size of 
the screen was always 10o28 ' x 7o53 '. 
A Macintosh Quadra 650 was used to conduct the 
experiment. The display screen was a 13" Macintosh 
RGB monitor, which had a frame rate of 66.7 Hz. 
Linearization in software of the 256 entry lookup-table 
was achieved with a photo-diode, and only the green gun 
was used. The background luminance was 20.9 Cdm -2. 
At the viewing distance of 126.2 cm one pixel subtended 
1 arc min of visual angle. 
We used four subjects to perform the experiments. 
Subjects DK and RH, who are the authors, were aware of 
the experimental issues. DK was extremely well practised 
in these tasks, and RH was well practised in similar kinds 
of 3-Gabor alignment asks. RD was na'l"ve as to the 
purpose of the experiment, but was well practised in 
similar tasks. MM was nai've, and had never previously 
participated in visual psychophysical experiments. DK 
received negative feedback in the form of a tone for all 
the experimental results presented here, but the other 
subjects did not. Not all subjects performed Experiments 
3 and 4. 
For each psychometric function, the proportion judged 
to the right of alignment was collected at nine positions 
symmetrically spaced around alignment. Alignment is 
defined in terms of the horizontal position of the centroid 
of the central patch relative to the horizontal positions of 
the centroids of the outer patches. The positions were 
always integral multiples of pixel size, thus obviating the 
need for sub-pixel interpolation. In Experiments 1-3 at 
least 30 observations were recorded for each point on the 
psychometric function, giving a total of at least 270 
observations per psychometric function. In Experiment 4. 
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we doubled this number in order to get sufficiently 
accurate thresholds. In Experiments 1 and 4, each 
condition was run in separate blocks, except for certain 
of the contour conditions, as indicated in the results. The 
randomized phases in Experiment 2 were blocked 
together, as were the different size jitters in Experiment 
3. Thresholds were taken as the standard deviation 
(equivalent to the 84% point for an unbiased function) of 
a cumulative normal fitted by probit analysis (Finney, 
1971). The PSE was the 50% point on this curve. This 
function allows the threshold and bias for each condition 
to be disconfounded. The step-sizes for the psychometric 
functions used in Experiment 1 were as follows. 
DK: {1,1,1,1,1,1,2,2,2,2,2,2,2}, RH: {1,1,1,1,1,1,3,3,3, 
3,3,2,2}, RD: {1,1,1,1,1,1,2,3,3,3,3,2,2} and MM: {2,2, 
2,2,2,2,3,3,3,3,3,3,3 }, where the order of the conditions is 
the same as in Fig. 2. It can be seen that in the conditions 
where the PSE deviated substantially from 0 a suffi- 
ciently large range of values along the psychometric 
function was included, in order to allow evaluation of 
both the PSE and the threshold. 
RESULTS AND ANALYSIS 
Experiment 1--what is the effect of orientation ? 
We commence by considering the threshold results, 
which are shown in Fig. 2(a). The first six thresholds are 
for the various combinations of vertical and horizontal 
Gabor patches and the two circularly symmetric micro- 
patterns. Their magnitudes are very similar, thus 
confirming the earlier findings described in the Introduc- 
tion. In particular, it should be noted that the presence of 
a preferred orientation does not improve performance 
beyond that for the Gaussian blobs and bullseyes. This 
implies that the amplitude of the responses of putative 
first-level oriented filters is not the rate-limiting factor in 
this task. 
In contrast, the thresholds are approximately doubled 
for the randomized orientation condition and the various 
contour configurations. There is also a noticeable 
decrease in performance for the 45 deg conditions, 
although the effect is not as strong as in the random 
and contour conditions. Clearly, orientation can make a 
big difference in this task, contrary to the assertions of 
previous workers. All of the threshold increases cannot 
be explained as the result of a broadening of the 
psychometric function caused simply by various different 
random configurations causing different shifts in the PSE, 
because this would not predict a threshold increase for the 
singly-blocked contour conditions, or for the 45 deg 
conditions. Such shifts in PSE might play some partial 
role in the random and contour conditions, however. 
The results are clearer when the thresholds are 
averaged across subjects, as shown in Fig. 2(b). We also 
FIGURE 2. Thresholds for Experiment 1. The "BS" contour conditions 
denote when both symmetries were presented in the same block. Error 
bars here and in subsequent figures are ±1 standard error. (a) 
Individual subject hresholds. (b) Cross-subject mean thresholds. 
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performed some statistical tests on the individual results 
to check the observations made above. We first 
conducted xZ-tests for each subject on the sample 
variance of the first six, middle five and last two 
thresholds using the mean squared standard errors as 
the estimates of the population variances. The observed 
variances were not significantly larger (P > 0.05) than 
expected, except for RH for the middle five thresholds, o 
we used these groups for comparisons of mean thresh- 
olds. Using the mean squared standard errors (error bars) 
for each group we calculated a z-statistic for the 
difference between the means for different pairs of 
groups and conducted two-tailed tests of significance. 
The difference between the means of the first group and 
the middle group was highly significant for all four 
subjects (P < 0.0001). The difference between the first 
group and the last group was also significant for all four 
subjects (P < 0.05). The difference between the middle 
group and the final group was significant for three 
subjects (P < 0.05), but not for the fourth, RH. 
Further illumination is provided by examining the 
PSEs in Fig. 3. For the conditions apart from the contour 
and 45 deg, they are quite close to zero, and appear to be 
either the result of statistical noise or a slight predisposi- 
tion for subjects to push one response button rather than 
the other. For three of the four subjects there is a 
consistent pattern of PSE displacements from zero for the 
contour conditions which were blocked together. Except 
for DK, the PSEs are shifted towards the contour formed 
by the three Gabor patches. The contour structure of this 
stimulus was reported to be overwhelmingly salient by 
the subjects, and although they were aware that they were 
required to perform the task based on centroid alignment, 
this salience has biased their results. Thus, without 
feedback, subjects were unable to completely disentangle 
positional and orientational information, despite knowing 
that they should use positional information. This appears 
to be because the subject occasionally tends to make the 
judgement using the contour as the reference, rather than 
the centroids. We favour this explanation, both because 
of the phenomenological salience of the contour, but 
more importantly because the fourth subject, DK, 
produced opposite biases in his PSEs for the contour 
conditions. This subject received feedback, and was 
extremely well practised. Examining his earliest practice 
blocks and pilot results, this subject exhibited the same 
biases as the other subjects, but with learning removed 
them over time, and apparently eventually overcompen- 
sated. An interesting point is that DK's thresholds for the 
contour condition, although also improving over time, are 
not better relative to the different conditions compared 
with the other subjects. This implies that the degradation 
of thresholds for the contour condition is not a simple 
cognitive effect which can be removed by learning. It 
should also be borne in mind that the shifts in PSE are 
relatively small compared with the shift required to 
actually put the central Gabor on the contour (approx. 
20 arc min). That is, most of the time subjects did seem to 
be using the centroids as the reference for the task. An 
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FIGURE 3. PSEs for Experiment 1. The "BS'" contour conditions 
denote when both symmetries were presented in the same block. 
"Right" shows where the PSE is to the right of alignment. 
explanation for all of the effects of orientation presented 
here purely in terms of distracting contours is not 
plausible, because of the increased thresholds found in 
the 45 deg condition, where there are no contours, at least 
in the usually understood sense of the term. It should, 
however, be noted that the PSEs for the 45 deg conditions 
seem to deviate from 0 more than the other non-contour 
conditions, although no consistent pattern emerges. 
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The orientational conditions presented in this paper are 
by no means exhaustive. We performed pilot trials using 
many other configurations in an attempt to isolate which 
stimuli produced the greatest increases in threshold. 
These pilot results can be summarized by saying that 
increases of threshold of approximately the same 
magnitude as presented here were found whenever the 
orientation of either the central patch or both the outer 
patches were not always vertical or horizontal. We 
performed a control condition on one subject o assure 
ourselves that the decreases in performance were not 
simply caused by some form of the oblique effect for the 
patches at 45 deg. That is, it could simply be that 
positional information about stimuli with a retinal 
orientation of 45 deg is worse than that of horizontal or 
vertical stimuli. This experiment was done by rotating the 
stimuli in software by 45 deg. The orientation of the 
patches relative to the line between the outer patches was 
found to be the relevant factor, rather than the absolute 
orientation of the patches. Or in other words, thresholds 
for horizontal and vertical Gabor patches aligned along 
the oblique are higher than those for oblique patches 
aligned along the oblique. 
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FIGURE 4. Results for Experiment 2, where thresholds for vertical 
Gabor patches with randomized phase sinusoidal carriers are compared 
with the results for vertical Gabor patches found in Experiment 1. 
Experiment 2--does jittering the phase matter? 
Although the theory that alignment asks for well- 
separated micropatterns are performed by using a central 
tendency of the patches is lent support by various studies, 
as discussed in the Introduction, our results in Experi- 
ment 1 call it seriously into question. In an absolute sense 
it cannot be true, because we have demonstrated that 
manipulations which do not affect he size or the position 
of the centre of symmetry have sizeable effects on 
performance. The fact that orientational content never 
improves performance l aves open the possibility that the 
central tendency theory is basically correct, and that 
some orientational configurations are degrading the 
ability of subjects to utilize this cue by a form of 
masking. This conjecture was tested by randomizing the 
phases of the sinusoidal carriers for vertically aligned 
patches. Results for this condition, together with the 
results for vertical patches in cosinusoidal phase from 
Experiment 1 are shown in Fig. 4. It is clear that 
disrupting the internal bar structure of the patches has no 
effect upon performance. Although the fact that thresh- 
olds for the orthogonal conditions are similar to that of 
the vertical condition renders local features an unlikely 
candidate as a cue for the task, it might have been that 
disrupting the local features would degrade performance 
in an analogous way to the disruption caused by 
orientation randomization. 
Experiment 3--are edge cues used? 
The other plausible alternative to the central tendency 
cue in this task is some kind of edge cue of the patches, 
which could be aligned on one or both sides of the 
stimulus. If this edge cue was located very precisely by 
the visual system both parallel to and orthogonal to the 
principal axis of the Gabor patch, but not so accurately in 
other directions, this would explain why thresholds are 
similar for the first four conditions in Experiment 1, but 
worse for the 45 deg conditions. By randomly varying the 
size (standard eviation of the envelope) of the micro- 
patterns we disrupt such cues. The results for two subjects 
and two micropattern types are shown in Fig. 5. We fitted 
these data with straight lines using a maximum likelihood 
method (Press, Flannery, Teukolsky & Vetterling, 1988). 
The gradients and errors were as follows. DK Gaussian: 
-0.04 ~: 0.24, DK 45 deg: -0.18 ± 0.37, RD Gaussian: 
-0.17 ± 0.24, RD 45 deg: 0.58 ± 0.41. The thresholds 
remain approximately constant as size jitter variance is 
increased, allowing us to eliminate edge features as 
candidate cues for this task. We note in passing that these 
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Gaussian, whereas for the other three sets of data the jitter is flat. 
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tions is maintained. The drop in performance at9.0 cpd is 
presumably caused by the lower visibility of these 
stimuli, as it is well established that, for Gabor patches 
equal numbers of log units above detection threshold, 
alignment hreshold does not change appreciably with 
spatial frequency. When the lowest (1.125 cpd) spatial 
frequency is used, the effect of randomization is perhaps 
slightly less. This is not surprising, because in the limit as 
the carrier spatial frequency goes to zero all the Gabor 
patches become identical Gaussian blobs. The results of 
this experiment show that the size of the bars and the 
prominence of the bar structure vs the prominence of the 
envelope structure do not affect the effects found in 
Experiment 1. Thus, we can state that the degradation i
performance is a general effect of orientation. 
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FIGURE 6. Results for Experiment 4, where the spatial frequency of 
the carrier and the contrast are varied. 
results do not remove from consideration schemes of the 
general form of that of Burbeck and Pizer (1995), where 
edge-type operators stimulate detectors of "cores" of 
objects, or of Hess et al. (1994), where the midpoint of 
the edges is computed, although the results of Whitaker et 
al. (1996) employing asymmetrical distributions also 
render edge cues somewhat improbable. In our experi- 
ment, if the visual system localized opposite dges of the 
micropattern, it could average these positions to obtain an 
accurate estimate of the centre of the patch. Such a 
mechanism would not be degraded by size variance, and 
would be using a central tendency cue mediated by edge 
cues .  
Experiment 4--is the effect spatial-frequency dependent? 
Figure 6 shows thresholds for the vertical and 
randomized orientation conditions at different carrier 
spatial frequencies. At the higher (0.95) contrast, the 
increase in threshold for the random condition is 
manifested at all spatial frequencies. At 9.0cpd the 
thresholds are higher and closer together for the lower 
(0.45) contrast, but at the other three spatial frequencies 
the difference between the random and vertical condi- 
DISCUSSION 
The key findings are: 
• Certain manipulations of the orientations of micro- 
patterns can disrupt performance in 3-patch align- 
ment tasks, contrary to what had been thought, but 
the presence of a principal orientation never 
improves pertbrmance. 
• Several control conditions which disrupt the inter- 
nal structure and edge structure of the micropatterns 
implicate a central tendency of the contrast 
envelope as the cue being used by subjects--this 
is in line with previous results. 
Our results do not establish definitively the cause of the 
reduction in performance for some orientational condi- 
tions. There seem to be several possibilities: 
1. The formation of contours, or potential contours, 
disrupts spatial localization performance at some 
level. However, the 45 deg condition, in which there 
are no contours, also shows a reduction in 
performance, so this explanation cannot be the 
whole story. The 45 deg condition thresholds are, on 
average, somewhat less than for the random and 
contour conditions, so it may be that a pure effect of 
contour or alternatively of trial-to-trial shifts in PSE 
coexists with some other effect. 
2. Alternatively, it could be that orientational informa- 
tion not compatible with the path orientation has a 
deleterious effect on performance, or that distances 
are most naturally and efficiently encoded by the 
visual system orthogonal and parallel to lines or 
edges. This would explain why all the conditions 
involving oblique orientations produced poorer 
performance. Morgan, Hole & Glennerster (1990) 
have discussed misperceptions of oblique lengths in 
the context of the Z611ner-Poggendorff class of 
illusions, while also pointing out the ecological 
priority of assessing the orthogonal magnitude of a 
gap. In our results, the cross-subject ratio of the 
mean 45 deg [Fig. l(j and k)] performance to the 
mean vertical and horizontal [Fig. l(a, b, c and d)] 
performance is temptingly close to xfl2 (1.49, 
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SD=0.19) ,  leading one to speculate that in the 
45 deg conditions the observer is in fact making the 
judgement on the projection of the cue onto an axis 
orthogonal or perpendicular to the orientation of the 
micropattern. Pilot trials using the 45 deg stimulus 
in which the subject had to respond to cues in a 
direction 45 deg to the path orientation, (that is, 
parallel to the micropattern orientation), did not 
produce an improvement in performance, however. 
These explanations are somewhat local in nature, 
and would predict analagous effects of orientation in 
other tasks. Preliminary results for the bisection task 
(Keeble & Nishida, 1997) indicate little or no effect 
of micropattern orientation. 
3. Explanations 1 and 2 do not elucidate the neural 
architecture subserving this task. An explanation of 
a different character is that the random, contour and 
45 deg conditions somehow disrupt the low-level 
coding of position in these tasks. Although there has 
been much recent work concerning the long-range 
lateral interactions in primate visual cortex (see 
Sirosh, Miikkulainen & Choe, 1996 for a recent 
review), which are believed to connect neurons of 
similar orientation preference in VI, we do not 
favour very low-level explanations for the effects of 
orientation that we find. This is because the 
similarity of thresholds for the circularly symmetric 
micropatterns to those for the orientated micro- 
patterns implies that the rate-limiting stage in this 
task occurs at a level beyond the extraction of the 
contrast envelope or shape of the patch. However, it 
may be that positional coding is ultimately mediated 
by an orientationally selective receptive field 
operating on the output of a contrast or envelope 
extracting process. In other words, positional coding 
in this task could be performed by a second-order 
orientation mechanism. There is some encourage- 
ment for this view in the work of Hess and Doshi 
(1995), in which 3-Gabor alignment stimuli produce 
adaptation effects similar to that of orientation. If 
this explanation is correct then the inputs to the 
second-order mechanism must be orientation-spe- 
cific. There is recent evidence for first-order inputs 
into second-order orientation mechanisms (Lin & 
Wilson, 1996; Williams et al., 1997). 
We believe that some combination of explanations 1-3 
is correct, but more work is required to identify precisely 
the disruptive ffects of orientation and the level at which 
they occur. 
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